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Abstract

Background: Mild cognitive impairment (MCI) is an intermediate diagnosis between normal
cognition (NC) and dementia, including Alzheimer’s disease (AD) dementia. However, MCl is
heterogeneous; many individuals subsequently revert to NC while others remain stable at MCI for
several years. Identifying factors associated with this diagnostic instability could assist in defining
clinical populations and determining cognitive prognoses.

Objective: The current study examined whether neuropsychiatric symptoms could partially
account for the temporal instability in cognitive diagnoses.

Method: The sample included 6763 participants from the National Alzheimer’s Coordinating
Center Uniform Data Set. All participants had NC at baseline, completed at least two follow-up
visits (mean duration: 5.5 years), and had no recent neurological conditions. Generalized linear
models estimated by generalized estimating equations examined associations between changes in
cognitive diagnoses and symptoms on the Neuropsychiatric Inventory Questionnaire (NPI1-Q) and
Geriatric Depression Scale (GDS-15).

Results: 1121 participants converted from NC to MCI; 324 reverted back to NC and 242
progressed to AD dementia. Higher symptoms on the GDS-15 and circumscribed symptom
domains on the NPI-Q were associated with conversion from NC to MCI and a decreased
likelihood of reversion from MCI to NC. Individuals with higher symptoms on NPI-Q
Hyperactivity and Mood items were more likely to progress to AD dementia.

Discussion: The temporal instability of MCI can be partially explained by neuropsychiatric
symptoms. Individuals with higher levels of specific symptoms are more likely to progress to AD
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dementia and less likely to revert to NC. Identification and treatment of these symptoms might
support cognitive functioning in older adults.

Keywords

Mild cognitive impairment; Alzheimer’s disease; Neuropsychiatric symptoms; Depression;
Antidepressants

Introduction

The clinical continuum of Alzheimer’s disease (AD) involves the progression from normal
cognition (NC) to mild cognitive impairment (MCI), and then to AD dementia. A diagnostic
progression from MCI to AD dementia occurs once impairments in activities of daily living
begin. MCI, therefore, represents the stage along the clinical AD continuum where there is
objective evidence of cognitive impairment, but without functional decline [1]. Indeed,
individuals diagnosed with MCI in the clinical setting are more likely to be subsequently
diagnosed with AD dementia, with an estimated annual progression rate of 8% in specialty
clinics for individuals with memory disorders and 7% in non-specialist community clinics
treating the general population [2]. As such, MCI functions as an intermediate diagnosis for
identifying individuals who are most likely to experience further clinical decline and who
might benefit from interventions such as cognitive rehabilitation [3] and/or pharmacological
treatment [4].

However, some individuals with MCI experience cognitive improvement after being
diagnosed with MCI and revert back to NC, with a one-year reversion rate of about 14% in
specialty memory clinics and up to 31% in community clinics [5]. Further, a meta-analysis
found that in studies with an average follow-up rate of 4.6 years, the progression rates from
MCI to AD dementia were 34% and 29% in specialty memory clinics and community
clinics, respectively [2]. Thus, while MCI may be a valuable prodromal diagnosis, it is
marked by temporal instability and an uncertain time course. This is problematic because an
MCI diagnosis is often used as part of the entry criteria for clinical trials, and its diagnostic
unreliability may disrupt the development of interventions for AD. That is, individuals with
MCI who subsequently revert to NC may not have underlying AD pathology, and their
inclusion in research studies may increase the heterogeneity of the intended population and
potentially contribute to failures in clinical trials (e.g., [6]). Examination of clinical factors
associated with changes in diagnostic status is critical to improve the ability to identify who
is most likely to convert to MCI, revert to NC, and progress to AD dementia and to develop
and implement appropriate interventions.

Extant research has attempted to identify the clinical modifiers of both conversion to MCI
and reversion from MCI to NC. Variables associated with conversion from NC to MCI
include possession of the Apolipoprotein e4 (APOE e4) allele, depression, type Il diabetes,
tobacco use, physical inactivity, and poor diet [7]. Factors that increase the probability of
reverting from MCI to NC include younger age, female gender, lack of subjective memory
complaints, an absence of the APOE e4 allele, lower Clinical Dementia Rating (CDR)
Scale-Sum of Boxes, functional independence, higher visual acuity, engagement in
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cognitively stimulating activities, and higher scores on measures of memory, executive
functioning, and language [8-11]. Notably, individuals with non-amnestic MCI are more
likely to revert than amnestic MCI [9].

Neuropsychiatric symptoms, such as depression, anxiety, irritability, apathy, and sleep
disturbance, may also contribute to the temporal instability of MCI. Higher levels of
neuropsychiatric symptoms in individuals with NC are associated with a higher incidence of
subsequent MCI [12], and patients with MCI typically show higher rates of these symptoms
than cognitively intact controls [13]. Among individuals with MCI, the presence of
neuropsychiatric symptoms, particularly apathy, increases the probability of a subsequent
clinical diagnosis of AD dementia [14-17]. Similarly, a diagnosis of depression is also a risk
factor for subsequent diagnoses of MCI and AD dementia [18]. Symptoms of both
depression [19] and anxiety [20] are associated with poorer cognitive functioning that may
make it more likely for an individual to receive a diagnosis of MCI. Additionally,
neuropsychiatric symptoms can often represent the earliest behavioral manifestations of
underlying dementia pathology [16]. These clinical associations are supported by
neurobiological research linking these symptoms to biomarkers for AD pathology. Acute
stress is associated with dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis,
which can in turn trigger hippocampal cell death via glutamate excitotoxicity [21] and
increase production of hippocampal AR [22]. Indeed, non-demented adults with depression
typically have greater amounts of AR accumulation [23], lower levels CSF AR peptides [24],
and smaller hippocampi; a meta-analysis of volumetric MRI studies found reductions of 8%
and 10% in left and right hippocampi, respectively [25]. Thus, there is a clear association
between neuropsychiatric symptoms and the presence of underlying AD neuropathology;
this relationship may result in higher frequencies of clinical diagnoses of MCI and AD
dementia amongst individuals with higher levels of neuropsychiatric symptoms.

Based on the above, it is also plausible that a reduction in neuropsychiatric symptoms may
correspond with cognitive improvement among individuals with MCI and in turn be
associated with a reversion to NC. Successful treatment of depression in older adults with
cognitive impairment has been associated with improvements on neuropsychological testing
[26] and potentially neuroprotective effects. For example, antidepressant treatment has been
associated with increased hippocampal neurogenesis in rats [27] and in humans. Frodl et al.
[28] observed in a sample of middle-aged adults with major depression (mean age = 45
years) that continuous antidepressant use over a three-year period was associated with an
increase in left (but not right) hippocampal volume. No significant changes in hippocampal
volume were observed in their non-depressed control group or in patients with depression
who discontinued antidepressant use. This study did not provide information on whether
participants were engaged in other types of treatment for depression (e.g., psychotherapy,
exercise intervention) and thus it is unclear whether the hippocampal growth is specific to
antidepressant treatment or a more general effect associated with the remission of
depression. Alternatively, an improvement in neuropsychiatric symptoms could accompany
an improvement of an underlying condition that could be also be causing cognitive
impairment (e.g., hypoglycemia, metabolic abnormalities, etc.).
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Although previous research has established associations between neuropsychiatric
symptoms and progression to MCI and dementia, less research has examined the
associations between neuropsychiatric symptoms and reversion from MCI to NC. Koepsell
and Monsell [9] observed that individuals diagnosed with MCI and a primary suspected
etiology of depression had a higher probability of reverting to a diagnosis of either NC or
“cognitively impaired, not MCI” at one-year follow-up (21%) compared to the sample as a
whole (16%). Pandya et al. [11] examined circumscribed informant-reported symptoms on
the Neuropsychiatric Inventory Questionnaire (anxiety, depression, and apathy) and found
that fewer symptoms amongst individuals with MCI at baseline were associated with an
increased probability of reversion to NC. However, both these studies utilized a prediction
model and did not analyze the level of symptoms at the time point where participants
reverted. Such an analysis could determine whether reversion to NC is characterized by a
low level of neuropsychiatric symptoms and/or an improvement in symptoms after receiving
a diagnosis of MCI.

The objective of the current study was to examine associations between neuropsychiatric
symptoms and the temporal stability of MCI using the National Alzheimer’s Coordinating
Center (NACC) longitudinal Uniform Data Set (UDS). We examined the relationships
between neuropsychiatric symptoms at each time point (as well as changes from the
previous evaluation) and 1) conversion from NC to MCI, 2) reversion from MCI to NC, and
3) progression from MCI to AD dementia. We hypothesized that individuals with higher
levels of neuropsychiatric symptoms would be more likely to convert from NC to MCI and
to progress from MCI to AD dementia, and individuals with lower levels of symptoms
would be more likely to revert to NC. Specifically, we hypothesized that affective symptoms
(e.g., depressed mood, apathy, anxiety, etc.) would be most likely to mirror changes in
cognitive diagnoses, given their relationships with cognitive functioning. Further, amongst
individuals with MCI, pharmacological treatment for neuropsychiatric symptoms would be
associated with an increased likelihood of reversion to NC.

The current sample included 6763 participants from the NACC-UDS who were all
diagnosed with NC at study entry. The NACC was established in 1999 by the National
Institute on Aging (NIA) to facilitate AD research. The UDS is a publicly accessible
longitudinal database gathered from 31 Alzheimer’s Disease Centers (ADCs) across the
United States. Beginning in 2005, each ADC began to contribute data from standardized
annual evaluations pertaining to participants’ cognitive, behavioral, and functional abilities.
For a more comprehensive description of the NACC-UDS, please refer to Weintraub et al.
[29], Beekly et al. [30,31], and Morris et al. [32]. All research using the NACC database is
approved by the University of Washington Institutional Review Board. Informed consent
from all participants was obtained at their respective ADCs.

NACC granted access to these data following a formal request (proposal 1D 809) and
provided data from the UDS collected between September 2005 and September 2016. The
sample was restricted to participants with a diagnosis of NC at baseline and had a total of at
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least three visits (i.e., two or more follow-up visits; initial V= 7919) in order to facilitate
derivation of a sample with multiple diagnostic conversions. Several exclusion criteria were
applied to increase generalizability to AD and limit confounds for changes in diagnostic
status over time. Participants were excluded if they were younger than age 50, had a
neurological diagnosis other than suspected AD (i.e., Parkinson’s disease, frontotemporal
dementia, corticobasal degeneration, vascular dementia, a recent traumatic brain injury with
an extended loss of consciousness, or recent history of stroke or seizure), and individuals
who were prescribed lithium and/or antipsychotic medications, given the relationships
between these medications and cognitive impairment. The sample size for all analyses was
reduced to 6763 after applying these exclusion criteria. Additionally, previous examinations
of NACC data (e.g., [9]) observed that different ADCs inconsistently utilize the “cognitively
impaired, not MCI” designation; thus, study visits including this designation were excluded
from analyses. Other study visits from participants who received this diagnosis at least once
were still eligible for inclusion in the analyses.

All study visits occurred between 2005 and 2016, and participants had a total of between 3
and 12 visits (mean = 5.71, SD = 2.31). Study visits occurred on an annual basis. The
obtained dataset included variables pertaining to participant demographics, medications,
medical and psychiatric diagnoses, and cognitive diagnosis (i.e., NC; cognitively impaired,
not MCI; MCI; dementia). Diagnoses were determined through multidisciplinary consensus
conferences (68.0% of study visits), a single clinician’s diagnosis (30.6%), or another means
such as an informal consensus between multiple clinicians (1.4%). MCI diagnoses were
based on the criteria defined by Winblad et al. [33], and AD dementia was diagnosed based
on criteria from the National Institute of Neurological and Communicative Disorders and
Stroke/Alzheimer’s Disease and Related Disorders Association [34].

The two primary neuropsychiatric variables in analyses were the Neuropsychiatric Inventory
Questionnaire (NPI-Q) and the Geriatric Depression Scale 15-item short form (GDS-15).
The NPI-Q [35] asks study partners to evaluate the presence or absence of 12
neuropsychiatric symptoms that may be present in dementia over the past month. Each
symptom is evaluated for the presence and severity of the symptom on a scale from 0
(absent) to 3 (severe); frequency values were not available for analysis in the current dataset.
Previous analyses of the NPI-Q have demonstrated the value of separating the items into
different symptom clusters rather than a total summary score [12,17,36]. We adapted the
results from a factor analysis from a sample of outpatients with dementia, 73% of whom
were diagnosed with AD dementia [36]. Their results indicated that neuropsychiatric
symptoms clustered into three main categories of hyperactivity (agitation, euphoria,
irritability, disinhibition, and aberrant motor behavior), psychotic symptoms (delusions,
hallucinations), and mood (depression, apathy, nighttime behavior disturbances, and
appetite/eating abnormalities), accounting for the presence, severity, and frequency of these
symptoms. Anxiety did not load cleanly onto any of the three factors and was interpreted as
a separate symptom. Thus, the NPI-Q was analyzed as four separate variables (i.e.,
hyperactivity, psychosis, mood, and anxiety). Each of the factor scores were calculated by
summing the severity ratings for the respective items. The GDS-15 [37] asks participants to
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answer 15 yes/no questions pertaining to symptoms of depression. Higher scores on this
measure represent a greater level of depressive symptoms. Neuropsychiatric symptoms were
examined both as the level of symptoms at the time of diagnostic changes (i.e., the three
critical events described below) and as the change in symptom level from the previous study
visit by subtracting the value from the previous measurement. Thus, for each follow-up visit,
a level of current symptoms and an estimate of symptom trajectory was available for each
participant.

Statistical Analyses

All study hypotheses were evaluated using generalized linear models (GLM) estimated by
generalized estimating equations (GEE) [38], which is an appropriate estimation method for
correlated data such as longitudinal analyses. Analyses were conducted using the “geepack”
package [39] for R [40], using an autoregressive (AR1) correlation structure. Binomial
logistic regression models estimated by GEE examined the three binary outcome variables,
which were the critical events of 1) conversion from NC to MCI, 2) reversion from MCI to
NC, and 3) progression from MCI to AD dementia. If a single participant had multiple
events of the same type (e.g., converting to MCI, reverting to NC, and then reverting again to
MCI) only the first observed event was included in analyses.

In all models, the outcome was coded as a binary variable detailing the changes in diagnostic
status from the previous study visit, with “1” representing one of the three critical events and
“0” representing stable diagnoses across visits. Consequently, the initial study visit was
coded as missing and was excluded from all analyses. The study visits in the models
included visits where participants were stable on the baseline condition as well as visits with
the critical event. For example, models examining conversion to MCI included visits where
participants were stable at NC as well as the first visit where they were diagnosed with MClI,
if this occurred. Models examining reversion to NC included study visits with stable
diagnoses of MCI and visits where reversion occurred. Thus, the coefficients in the models
represent the associations between the variable and the critical event compared with
remaining diagnostically stable. The natural exponents of the coefficients (Exp[B]) can be
interpreted as the percentage change in the probability of the critical event for each unit
increase in the predictor. GEE allows for covariance between variables and logistic
regression does not make assumptions regarding the distribution of variables; thus, no
transformations were applied to any variables. Linearity between continuous independent
variables and the log odds of the dependent variables was confirmed using the Box-Tidwell
test [41]. The time (in years) since baseline and the demographics of age (at baseline), sex,
education, race, and ethnicity were included as covariates in all models. Preliminary data
analyses revealed that race and ethnicity were not significant predictors of any of the three
critical events and these variables were not included in the final models. For analyses
examining reversion to NC or progression to AD, the subtype of MCI was also included as a
baseline predictor. Subtypes were dichotomized into amnestic vs. non-amnestic MCI, as a
previous analysis [9] observed that individuals with non-amnestic MCI were more likely to
revert to NC.
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The relationships between neuropsychiatric symptoms and diagnostic change were
examined two ways: 1) by examining the associations between the GDS-15 total score and
the four NPI-Q index scores at each study visit and diagnostic status, and 2) examining the
association between changes in neuropsychiatric symptoms between study visits as a
predictor of diagnostic change; positive values represent worsening symptomatology since
the previous visit. In this way, we examined the relationships between both the total level of
symptoms as well as recent exacerbations or improvements in symptoms and the three
critical events. Additionally, we examined whether prescriptions for antidepressants,
anticonvulsants/mood stabilizers, benzodiazepines, and/or cognition-enhancing medications
(see Table 1 for a list of medications examined) were significantly related to the three critical
events, as well as whether a new prescription for individuals with MCI was associated with
reversion to NC.

Demographics and cognitive trajectories

Table 2 displays the demographic characteristics for the entire sample as well as participants
who experienced any of the three critical events. In total, 1121 of the 6763 participants
converted from NC to MCI; 860 of these participants were classified as amnestic MCI
(single or multiple domain) and the remaining 261 had non-amnestic MCI. Three hundred
twenty-four participants reverted from MCI to NC at a subsequent study visit, and 242
progressed from MCI to dementia with a presumptive etiology of possible or probable AD.
Figure 1 provides a flowchart detailing the number of individuals which each cognitive
diagnosis at all 12 study visits, along with the number of critical events at each visit.

Relationship between neuropsychiatric symptoms and change in diagnostic status

Table 3 displays the results from five logistic GEE models predicting the likelihood of
conversion from NC to MCI. Model 1A displays the baseline covariates that were included
in all subsequent models, demonstrating that participants who converted were significantly
more likely to be older, male, and have a lower level of education (p-values < .001). Time
since baseline was not a significant predictor of cognitive change. Models 1B demonstrates
that a higher total score on the GDS-15 was significantly related to conversion to MCI (19%
increased probability per point). With regard to the NPI-Q, only the scores for Hyperactivity,
Mood, and Anxiety symptoms were significantly related to conversion (p-values < .001).
Models 1D and 1E indicate that exacerbations of symptoms between study visits on the
GDS-15 and the Hyperactivity and Mood domains of the NPI-Q were also significantly
related to conversion to MCI.

Table 4 displays the relationship between neuropsychiatric symptoms and the odds of
reversion from MCI to NC. Model 2A displays the baseline covariates, showing that
individuals who reverted tended to be younger, more likely to revert closer in time to the
initial study visit, and have a classification of non-amnestic MCI (p-values < .01). Lower
total scores on the GDS-15 (Model 2B) were associated with a significantly higher
probability of reversion (p-value = .003). A reduction of depressive symptoms on the
GDS-15 bhetween study visits indicated an increased likelihood of reversion (7% per point

J Alzheimers Dis. Author manuscript; available in PMC 2019 June 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sugarman et al.

Page 8

decrease; Model 2D). Individuals who had lower informant-reported Mood and Anxiety
symptoms on the NPI-Q were also more likely to revert (Model 2C). However, the change in
these symptom levels between study visits was not significantly related to reversion (Model
2E).

Table 5 displays the relationship between neuropsychiatric symptoms and progression from
MCI to AD. The baseline covariates (Model 3A) show that participants who progressed to
dementia tended to be older at baseline, progressed at a later study visit, and have a
diagnosis of amnestic MCI (p-values < .01). The GDS-15 was not significantly related to
progression to AD (Models 3B and 3D). However, a higher total number of symptoms on the
Hyperactivity and Mood symptoms on the NP1-Q (Model 3C) as well as an increase in these
symptom domains since the previous study visit (Model 3E) both indicated an increased
probability of progressing to dementia.

Relationships between medications and changes in cognitive status

Table 6 displays the relationships between conversion to MCI and prescriptions for the four
classes of psychotropic medications detailed in Table 1. In each model, the same covariates
from the previous analyses were included (Model 1A). Those taking an antidepressant were
58% more likely to convert to MCI (p-value < .001; Model 4A). However, this relationship
appeared to be mediated by neuropsychiatric symptoms, and when the GDS-15 and the
symptom domains from the NPI-Q that were significantly related to conversion (i.e.,
Hyperactivity, Mood, and Anxiety) were also included as predictors (Model 4B),
antidepressants were no longer significantly associated with conversion (p-value = .53).
Those with a prescription for anticonvulsants were 70% more likely to convert to MCI (p-
value = .04; Model 4C). This relationship was partially mediated by the simultaneous
inclusion of the neuropsychiatric symptoms significantly related to conversion (Model 4D);
after accounting for these symptoms, anticonvulsants were no longer a statistically
significant predictor of reversion (p-value = .13). Benzodiazepines (Model 4E) were not
significantly related to conversion to MCI. Cognition-enhancing medications were
associated with an exceptionally high probability of conversion to MCI (Model 4F), but it is
important to note that only 12 participants in the entire sample were prescribed one of these
drugs at the time of conversion. This relationship remained significant after including
neuropsychiatric symptoms as simultaneous predictors (Model 4G).

Table 7 displays the relationships between the medication classes and reversion from MCI to
NC. The predictors in each model were added to the baseline covariates in Model 2A.
Having a prescription for an antidepressant was not significantly related to the likelihood of
reversion (Model 5A), nor was receiving a new antidepressant prescription between study
visits after receiving a diagnosis of MCI (Model 5B). A non-significant negative relationship
was observed between benzodiazepine prescriptions and reversion (Model 5C). Taking a
cognition-enhancing medication was associated with a decreased likelihood of reverting to
NC (Model 5D), and receiving a new prescription for one of these drugs following a
diagnosis of MCI was also associated with a reduced probability of reversion (Model 5E).
With regard to anticonvulsants, an insufficient number of participants were taking an
anticonvulsant to provide a reliable analysis of the relationship between these medications
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and reversion; only four participants who reverted and 18 participants with a stable diagnosis
of MCI had a prescription for one of these medications.

Finally, Table 8 displays the relationships between the four medication classes and the
probability for progressing from a diagnosis of MCI to AD dementia. Participants who were
taking an antidepressant were 100% more likely to receive a diagnosis of dementia (Model
6A); after accounting for the NPI-Q symptoms that were significantly related to progression
to AD (i.e., Hyperactivity and Mood), the relationship between antidepressants remained
significant but was of a smaller magnitude (62% increase in probability; Model 6B).
Benzodiazepine prescriptions were not significantly associated with progressing to AD
(Model 6C). With regard to cognition-enhancing medications, these participants were far
more likely to progress to dementia (Model 6D), and this relationship remained significant
after accounting for neuropsychiatric symptoms (Model 6E). When the analysis was
restricted to individuals who received a new prescription after converting to MCI, a similar
relationship emerged (Model 6F) that also remained significant after accounting for
neuropsychiatric symptoms (Model 6G).

Discussion

In this longitudinal study of 6763 participants from the NACC-UDS, neuropsychiatric
symptoms significantly contributed to temporal instability in cognitive diagnoses.
Specifically, higher levels of self- and informant-reported symptoms increased the likelihood
of conversion from NC to MCI, with the exception of psychotic symptoms on the NPI-Q.
For individuals with MCI, those with lower levels of self-reported depression and fewer
informant-reported mood and anxiety symptoms were more likely to revert back to NC.
Further, an improvement of symptoms on the GDS-15 indicated a higher likelihood of
reverting to NC, indicating that successful reduction of depressive symptoms may
accompany improvements in cognitive functioning. Progression from MCI to AD dementia
was characterized by more severe mood and hyperactivity symptoms on the NPI-Q; self-
reported depressive symptoms on the GDS-15 were not significantly related to risk for
progression from MCI to AD dementia. Overall, the results indicate that trajectory of
neuropsychiatric symptoms may accompany some corresponding changes in cognitive
diagnoses. This relationship may reflect how more severe mood and behavioral dysfunction
can adversely impact cognitive functioning and/or demonstrate how these neuropsychiatric
symptoms are part of the core clinical presentation of AD. Individuals with MCI and self-
reported symptoms of depression may have potentially reversible cognitive impairment.
High levels of informant-reported neuropsychiatric symptoms (e.g., hyperactivity and mood
symptoms) may more likely reflect the progression of an underlying AD dementia.

A crucial finding from analyses is that individuals who experience a successful reduction in
self-reported symptoms of depression (i.e., on the GDS-15) may have a higher probability of
reverting from MCI to NC. Thus, individuals with depression and MCI might benefit from
treatment for depression. However, having a prescription for an antidepressant did not
impact the odds of reverting to NC. An important limitation is that this finding is based on
whether participants had a prescription at the time of the study visit and does not account for
whether they were actually taking the medication as prescribed; antidepressant non-
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adherence has been estimated as high as 73% [42]. An additional limitation is that we did
not have information as to the reasons for the prescriptions; for some patients, they may have
been prescribed to assist with challenging behaviors that could be due to AD pathology (e.g.,
sundowning) rather than for treatment of depression. In any case, combination therapy
including pharmacotherapy and psychotherapy has been demonstrated to be superior to
pharmacotherapy alone [43,44]. Additionally, exercise is not only an effective intervention
for treating depression [45] but it has also been shown to increase hippocampal volume and
improve aspects of cognition in older adults [46] and as such, it may be indicated for
individuals with MCI. Thus, there are two potential mechanisms by which an improvement
in depressive symptoms may improve cognition: 1) reducing symptoms that directly impact
cognition (e.g., rumination, worry, sleep disturbance) and 2) limiting or compensating for
neurobiological changes that may be related to a dementia process (e.g., delaying or
reversing hippocampal atrophy). However, an additional explanation for the findings is that
some participants may have had a resolution of a condition that was simultaneously causing
mood disruption and cognitive impairment (e.g., hypoglycemia, metabolic disturbances,
chronic pain, etc.). A future research direction to further explore these possibilities could
include formal clinical trials targeted at patients with MCI and depression to determine
whether treatment for depression leads to improvements in cognitive functioning.

The relationship between the resolution of depression and reversion to NC also indicates that
individuals with depression and MCI (particularly non-amnestic MCI) may be less likely to
be developing AD dementia. As such, these individuals may confound the results of clinical
trials intended to develop interventions for patients with MCI to delay or prevent AD
dementia. Thus, the results from the current study support clinical trial practices of
excluding MCI patients with depression [6]. Although these participants may not be the best
candidates for inclusion in clinical trials, it may be inappropriate to call MCI a misdiagnosis
for patients with depression. The depression may be present in addition to or as a result of
legitimate AD pathology. Further, individuals who revert from MCI to NC appear to be more
likely to subsequently receive a diagnosis of MCI and/or dementia compared to individuals
with NC who had never received a diagnosis of MCI [10]. Indeed, within our sample, 95 out
of 324 (29.3%) individuals who reverted from MCI to NC eventually reconverted to MCI at
a subsequent study visit. Thus, a diagnosis of MCI at any time point appears to have
prognostic value for future cognitive status, and it has been argued that an MCI should be
considered a heterogeneous clinical diagnosis indicating a high risk for subsequent
progression to dementia rather than be diagnostic of any specific disease pathology [47].

Examination of the four symptom domains on the NPI-Q revealed that certain domains had
stronger relationships with changes in cognitive diagnoses than others. All domains other
than psychosis were significantly associated with conversion to MCI. Lower symptoms on
only the mood (i.e., depression, apathy, nighttime behaviors, and appetite disturbance) and
anxiety factors were associated with a higher probability of reversion to NC, consistent with
previous research [11], whereas higher symptoms on the mood and hyperactivity (i.e.,
agitation, euphoria, irritability, disinhibition, and aberrant motor behavior) were associated
with progression to AD dementia. These findings indicate that individuals with MCI with
less anxiety and who are exhibiting fewer of the mood symptoms that characterize AD may
be good candidates to revert to NC. Amongst individuals with MCI, higher mood and
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hyperactivity symptoms may likely represent neurobehavioral manifestations of underlying
AD pathology; these individuals are more likely to progress to dementia. The relationship
with mood symptoms and dementia is consistent with previous research indicating that
apathy may represent an early clinical feature of AD [14,15]. In fact, given how
neuropsychiatric symptoms can indicate underlying dementia pathology, some have argued
that the presence of neuropsychiatric symptoms even without concurrent cognitive
impairment should warrant a separate diagnostic label (known as “Mild Behavioral
Impairment”) to identify individuals at a higher risk for dementia [16].

There were no significant relationships between psychotic symptoms (i.e., hallucinations
and delusions) and changes in cognitive diagnoses; however, it is notable that the overall
prevalence of these symptoms was exceptionally low in the sample. The mean symptom
level for individuals converting from NC to MCI was 0.04 out of 6; for participants who
progressed to AD dementia, the mean was 0.19 at the time of the diagnosis. Thus, the
prevalence of psychotic features may not be a sensitive variable for the trajectory of
cognitive functioning amongst individuals with NC or MCI. This finding is consistent with
previous research indicating that psychotic features are more likely to be present later in the
disease course of AD, when individuals have moderate-to-severe dementia [48].

An interesting discrepancy emerged between the GDS-15, a self-report measure, and the
NPI-Q, an informant-reported measure. Higher mood symptoms on the NPI-Q were
associated with progression from MCI to AD dementia; however, there was not a significant
relationship between the GDS-15 and progression to dementia. This may represent
worsening anosognosia in individuals with AD dementia [49], including the ability to
accurately self-report psychiatric symptoms [50]. Bruce et al. [51] found that amongst
patients with MCI, those with higher levels of self-reported depression paradoxically
performed better on measures of memory abilities, reflecting how these individuals may
have higher insight about their psychiatric status. Thus, the current findings are consistent
with the literature by indicating that individuals with MCI and self-reported depression may
be strong candidates for reversion to NC [9].

An analysis of the impact of medication prescriptions did not indicate that prescriptions for
antidepressants or cognition-enhancing medications could increase the probability of
reversion from MCI to NC. In fact, individuals with these prescriptions appeared to be more
likely to experience to progress within the clinical continuum of AD (i.e., from NC to MCI
to dementia). However, there are a number of limitations that temper the interpretation of
these findings. As mentioned above, the database solely listed participant prescriptions at the
time of the study visit without further information such as dosage or adherence. Crucially,
there was not an indicated reason why the medication was prescribed, and as such it is not
possible to deduce a direct relationship between medications and outcome due to the
potential confound of indication. For example, many of the medications were likely
prescribed to help manage symptoms indicative of underlying AD pathology (e.g., memory
impairment, apathy, agitation), meaning that these individuals were already at a higher risk
for cognitive deterioration; a prescription medication would be unlikely to dramatically alter
the disease course. Additionally, participants receiving the medications may have had
additional factors that also placed them at higher risk for dementia, such as medical
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comorbidities and stroke risk factors. Thus, there is insufficient evidence from these analyses
to determine whether these medications are independent risk factors for cognitive decline.

A potential criticism of the analyses could be that we excluded individuals who had a
prescription for lithium or an antipsychotic medication due to their impact on cognitive
functioning. Notably, after applying all other exclusion criteria, only 9 individuals were
excluded because of lithium and 75 were excluded because of antipsychotics. The overall
incidence of progression from MCI to AD dementia in these individuals was 19.0% (16/84),
which was significantly higher than the rate of 3.6% (242/6763) in the analyzed sample (12
=50.6, p-value < .001). Although it certainly cannot be determined whether the drugs
caused the higher rates of cognitive impairment or whether the drugs were prescribed to treat
symptoms potentially related to AD pathology, we still believe that these exclusion criteria
were appropriate. Although benzodiazepines have also been associated with cognitive
impairment [52], having a prescription in our sample was not significantly associated with
changes in cognitive diagnoses (Tables 4-6). Further, the overall incidence of progression
from MCI to AD dementia in individuals with a prescription was 4.6% (28/607), which was
not significantly higher than the rate of 3.5% (214/6156) in the rest of the sample (;(2: 1.75,
p-value = .186).

Additional limitations of the current study include the observational nature of the dataset,
which limits causal implications. An additional limitation is the classification of individuals
into the discrete categories of NC, MCI, and AD for the outcome variables. The use of
continuous outcome measures such as neuropsychological testing and/or activities of daily
living rating scales may accounted for some of the unexplained variance in the analyses.
However, we chose to use these categories as the outcome to facilitate clinical and research
generalizability, as these labels are heavily utilized in both practices and are often used as
part of the entry criteria for clinical trials. A further limitation is the heterogeneity of the
NACC-UDS database, which pools data from 34 separate research centers with volunteer
participants. Although each center collects standardized data as part of their annual
evaluations, they may have separate inclusion/exclusion criteria. Additionally, even though
the use of formal diagnostic criteria for cognitive diagnoses should partially counteract this
heterogeneity, there appears to be systematic differences between sites with regard to the use
of the “cognitively impaired, not MCI” diagnosis [9]. Thus, it is unclear to what extent these
findings may generalize to other settings; in any situation, it is recommended that clinicians
attempt to use formal criteria when making diagnoses of MCI and/or dementia. Even with
the use of formal criteria, there is a potential for diagnostic misclassification due to the
imperfect reliability of neuropsychological tests and clinical raters, which may have
contributed to unexplained variance in analyses. Another limitation is that information
pertaining to APOE genotype was not included in analyses, which could have reduced
unexplained variance. Notably, we did obtain this information for participants in the sample
from the NACC Genetics Dataset. However, APOE genotype information was missing for
871 participants (13% of the total available sample). Upon further investigation, individuals
with missing genotype data were on average older, had lower education, and were more
likely to be of a minority ethnic background. Given that the inclusion of this variable would
reduce the sample size considerably and how the missing data appeared to be systematic in
nature, we opted to exclude this variable from analyses. A final limitation is that there was
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no information available about whether participants were engaged in other treatments for
psychiatric conditions such as psychotherapy or exercise that could potentially account for
changes in neuropsychiatric symptoms over time.

In conclusion, the results indicate that monitoring for neuropsychiatric symptoms can
provide valuable information about which individuals are most likely convert to MCI, revert
to NC, and progress to AD dementia. Successfully identifying and providing effective
treatment for these symptoms (particularly self-reported depression) may potentially
improve or maintain cognitive functioning in older adults.
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Visit 4 (n=5361):
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Figure 1.

Flowchart documenting study diagnoses for all participants who met inclusion criteria at all
study visits. Visits occurred on an approximately annual basis. NC = normal cognition; MCI
= mild cognitive impairment; inMCI = cognitively impaired, not MCI. All visits where
individuals had a diagnosis of inMCI was excluded from analyses. “Events” documents the
number of individuals at each study visit who converted from NC to MCI, reverted from
MCI to NC, or progressed from MCI to dementia. Only individuals with dementia due to

suspected Alzheimer’s disease were included in analyses
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List of medications included in study analyses.

Table 1.

Antidepressants

Anticonvulsants  Benzodiazepines  Cognition-Enhancing

Bupropion
Citalopram
Duloxetine
Escitalopram
Fluoxetine
Imipramine
Paroxetine
Sertraline

Venlafaxine

Carbamazepine Alprazolam
Depakote Clonazepam
Divalproex Diazepam
Eslicarbazepine Lorazepam
Lamotrigine

Levetiracetam

Oxcarbazepine

Phenytoin

Pregabalin

Topiramate

Donepezil
Galantamine
Memantine

Rivastigmine
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Table 2.

Demographic characteristics of the entire sample as well as the subsets of participants that experienced the
three critical events. For individual who progressed to AD dementia, only those who had a presumptive
etiology of possible or probable Alzheimer’s disease (AD) were included in analyses. MCI = Mild cognitive
impairment, NC = Normal cognition, W = White, AA = African American.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Total Sample NC all visits Convert to MCI Revert toNC Progressto AD
n 6763 5173 1121 324 242
Baseline age (SD) 72.3(9.1) 71.0 (8.8) 77.0 (8.6) 74.4 (8.8) 79.9 (7.8)
Sex (% female) 66.3% 67.7% 60.9% 59.6% 67.8%
Education (SD) 15.7 (3.0) 15.9 (3.0) 153 (3.2) 15.5(3.2) 15.3(3.0)

81%W, 13%AA

81%W, 14%AA,

82%W, 13%AA

78%W, 18%AA

87%W, 10%AA

Rece 5% other 5% other 5% other 4% other 4% other
Yrs since baseline at event (SD) NA NA 3.4(2.3) 4.3 (2.0) 55(2.2)
Follow-up visits at event (SD) NA NA 29(2.1) 3.7(1.7) 4.8 (2.1)
Total follow-up length (SD) 5.4 (2.5) 5.3(2.5) 6.2 (2.3) 6.6 (2.3) 6.8 (2.2)
Total follow-up visits (SD) 48(2.3) 4.6 (2.3) 6.0 (2.5) 59(2.2) 6.0 (2.2)
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Table 3.

Results from generalized linear models estimated by generalized estimating equations predicting the
conversion from NC to MCI compared to remaining stable at NC. Positive coefficients indicate an increased
probability of conversion to MCI at higher levels of the variable. All predictors in Models 1B-E were added to
the baseline predictors in Model 1A. GDS-15 = Geriatric Depression Scale. Hyperactivity, Psychosis, Mood,
and Anxiety symptoms were derived from the Neuropsychiatric Inventory Questionnaire. Both the total score
at each study visit (Models 1B and 1C) and the change in symptoms between study visits (1D and 1E) were
analyzed in models. “Years” represents the amount of time since the initial study visit. “Age” refers to age at
the baseline visit.

Analysis 1. Conversion from NC to MCl

Effect B 95% Cl Wwald Z p Exp(B)
Model 1A

Intercept -6.95 [-7.72,-6.19] 31490 <.001 <0.01

Years -0.00 [-0.03,0.03] 0.00 .970 1.00

Age 0.07 [0.06,0.08] 30350 <.001 107

Sex -028 [-0.41,-0.15] 1840 <.001 0.75

Education -0.04 [-0.06,-0.02] 1620 <.001 0.96
Model 1B

GDS-15 total 0.17 [0.15,0.20] 180.73 <.001 1.19
Model 1C

Hyperactivity 0.18 [0.11,0.25] 2891 <.001 1.20

Psychosis 0.23 [-0.03,0.49] 3.08 .079 1.26

Mood 0.17 [0.12,023] 4029 <.001 1.19

Anxiety 0.25 [0.12,0.39] 13.32 <.001 1.29
Model 1D

GDS-15 change 0.05  [0.00,0.09] 435 037 1.05
Model 1E

Hyperactivity change 0.14 [0.04,0.24] 7.92 .005 1.15

Psychosis change 0.27 [-0.12,0.67] 1.82 177 131

Mood change 0.08 [0.01,0.15] 5.04 .025 1.09

Anxiety change 0.15 [-0.02,0.32] 3.03 .082 1.16
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Table 4.

Results from generalized linear models estimated by generalized estimating equations predicting the reversion
from MCI to NC. Negative coefficients indicate an increased probability of reversion to NC at lower levels of
the variable. All predictors in Models 2B-E were added to the baseline predictors in Model 2A. GDS-15 =
Geriatric Depression Scale. Hyperactivity, Psychosis, Mood, and Anxiety symptoms were derived from the
Neuropsychiatric Inventory Questionnaire. aMCI represents the coefficient for the change in likelihood of
reversion for participants with amnestic compared to non-amnestic MCI.

Analysis 2: Reversion to NC

Effect B 95% Cl Wald Z p Exp(B)
Model ZA

Intercept 2.39 [0.85,3.92] 9.31 .002 10.90

Years -012 [-0.19,-0.06] 1573 <.001 0.88

Age -0.04 [-0.06,-0.03] 26.22 <.001 0.96

Sex 0.01 [-0.27,0.29] 0.00 .960 1.01

Education 0.04 [-0.01,0.08] 2.40 121 1.04

aMCl -0.38 [-0.65,0.11] 7.50 .006 0.68
Model 2B

GDS-15 total —-0.09 [-0.15,-0.03] 8.89 .003 0.91
Model 2C

Hyperactivity -0.04 [-0.19,0.10] 0.33 .568 0.96

Psychosis -0.17 [-0.56,0.23] 0.68 411 0.85

Mood -0.12 [-0.23,-0.02] 5.14 .023 0.89

Anxiety -0.36 [-0.60,-0.12] 8.44 <.001 0.70
Model 2D

GDS-15 change —0.08 [-0.14,-0.01] 5.53 .019 0.93
Model 2E

Hyperactivity change 0.02 [-0.07,0.11] 0.25 .616 1.02

Psychosis change -0.15 [-0.39,0.09] 1.43 232 0.86

Mood change -0.06 [-0.13,0.02] 2.32 128 0.95

Anxiety change -0.07 [-0.23,0.08] 0.83 .361 0.93
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Table 5.

Results from generalized linear models estimated by generalized estimating equations predicting the
progression from MCI to Alzheimer’s disease (AD) dementia. Positive coefficients indicate an increased
probability of progression to AD dementia at higher levels of the variable. All predictors in Models 3B-E were
added to the baseline predictors in Model 3A. GDS-15 = Geriatric Depression Scale. Hyperactivity, Psychosis,
Mood, and Anxiety symptoms were derived from the Neuropsychiatric Inventory Questionnaire.

Analysis 3: Progression to AD dementia

Effect B 95% Cl Wwald Z p Exp(B)
Model 3A

Intercept -6.01 [-7.93,-4.08] 37.30 <.001 <0.01

Years 0.09 [0.03,0.16] 7.76 .005 1.10

Age 003  [001,005] 1216 <.001 1.03

Sex 0.30 [-0.02,0.62] 3.35 .067 1.35

Education 0.01 [-0.04,0.06] 0.17 .684 1.01

amMcl 0.85 [0.37,1.33] 12.02 .001 2.33
Model 3B

GDS-15 total 0.05 [-0.01,0.12] 3.14 .076 1.06
Model 3C

Hyperactivity 0.17 [0.04,0.30] 6.78 .009 1.19

Psychosis 0.13 [-0.21,0.48] 0.58 0.45 1.14

Mood 0.28 [0.18,0.37] 31.89 <.001 1.32

Anxiety -0.03 [-0.30,0.23] 0.07 795 0.97
Model 3D

GDS-15 change 0.06 [-0.03,0.15] 1.57 .210 1.06
Model 3E

Hyperactivity change 0.17 [0.03,0.32] 5.47 .019 1.19

Psychosis change 0.31 [-0.04,0.66] 3.10 .078 1.37

Mood change 0.14 [0.03,0.25] 6.32 .012 1.15

Anxiety change -0.01 [-0.29,0.28] 0.00 .957 0.99
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Table 6.

Results from generalized linear models estimated by generalized estimating equations predicting the
conversion from NC to MCI. All predictors in these models were added to the baseline predictors from Model
1A (Table 3). Positive coefficients indicate that having a prescription for one or more of the medications was
associated with a higher probability of converting to MCI. GDS-15 = Geriatric Depression Scale.
Hyperactivity, Mood, and Anxiety symptoms were derived from the Neuropsychiatric Inventory
Questionnaire.

Analysis4: Medications and Conversion to MCl

Effect B 95% Cl  WaldZ p Exp(B)
Model 4A

Antidepressants  0.46 [0.28,0.64] 2452 <.001 1.58
Model 4B

Antidepressants  0.07  [-0.14,0.28] 0.40 529 1.07

GDS-15 total 0.12 [0.09,0.15] 66.66 <.001 1.13

Hyperactivity 0.20 [0.13,0.26] 3442 <.001 1.22

Mood 0.12 [0.07,0.18] 18.04 <.001 1.13

Anxiety 0.23 [0.09,036] 1026  .001 1.25
Model 4C

Anticonvulsants  0.53 [0.02,1.04] 4.20 .040 1.70
Model 4D

Anticonvulsants  0.43  [-0.09,0.95] 2.58 .108 1.53

GDS-15 total 0.12 [0.09,0.15] 70.34 <.001 1.13

Hyperactivity 0.20 [0.13,0.26] 3457 <.001 1.22

Mood 0.13 [0.07,0.18] 1859 <.001 1.13

Anxiety 0.23 [0.09,0.37] 10.45 .001 1.26
Model 4E

Benzodiazepines 0.24 [-0.03,0.51] 3.09 .079 1.27
Model 4F

Cognition Meds ~ 1.76 [0.94,2.57] 17.8 <.001 5.79
Model 4G

Cognition Meds  1.34 [0.42,2.26] 8.16 .004 3.83

GDS-15 total 0.12 [0.09,0.15] 68.77 <.001 1.13

Hyperactivity 0.20 [0.13,0.26] 3449 <.001 1.22

Mood 0.13 [0.07,0.18] 18.65 <.001 1.13

Anxiety 0.23 [0.09036] 1031  .001 1.25
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Table 7.

Results from generalized linear models estimated by generalized estimating equations predicting reversion
from MCI to NC. All predictors in these models were added to the baseline predictors from Model 2A (Table
4). Models include the presence/absence of various medication classes, as well as whether participants
received a new prescription for an antidepressant or a cognition-enhancing medication since the previous study
visit. Negative coefficients indicate that individuals with a prescription for one or more of the medications had
a decreased probability of reverting to NC.

Analysis5: Medications and Reversion to NC

Effect B 95% ClI Waldz p  Exp(B)
Model 5A

Antidepressants ~ -0.11 [-0.46,0.24] 0.37 544 0.90
Model 5B

New antidep. -0.13 [-0.81,0.54] 0.15 .700 0.87
Model 5C

Benzodiazepines —0.56 [-1.20,0.09] 2.88 .090 0.57
Model 5D

Cognition Meds ~ -1.51 [-2.63,0.40] 7.05 .008 0.22
Model 5E

New Cog. Med -1.30 [-2.37,-0.23] 564 .018 0.27
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Table 8.

Results from generalized linear models estimated by generalized estimating equations predicting the
progression from MCI to Alzheimer’s disease (AD) dementia. All predictors in these models were added to
the baseline predictors from Model 3A (Table 5). Hyperactivity and Mood symptoms were derived from the
Neuropsychiatric Inventory Questionnaire. Models include the presence/absence of various medication
classes, as well as whether participants received a new prescription for a cognition-enhancing medication since
the previous study visit. Positive coefficients indicate that having a prescription for one or more of the
medications was associated with a higher probability of progressing to AD dementia.

Analysis 6: Medications and Progression to AD dementia

Effect B 95% Cl  WaldZ p Exp(B)
Model 6A

Antidepressants 0.69 [0.36,1.03] 16.33 <.001 2.00
Model 6B

Antidepressants 0.48 [0.11,0.85] 6.50 011 1.62

Hyperactivity 0.20 [0.08,0.32] 10.70 .001 1.22

Mood 0.25 [0.16,0.34] 27.87 <.001 1.28
Model 6C

Benzodiazepines -0.16 [-0.85,0.53] 0.21 .648 0.85
Model 6D

Cognition Meds 1.01 [0.41,1.62] 10.73 .001 2.75
Model 6E

Cognition Meds 0.98 [0.26,1.70] 7.06 .008 2.67

Hyperactivity 0.20 [0.07,0.32] 9.75 .002 1.22

Mood 0.26 [0.17,0.35] 31.27 <.001 1.30
Model 6F

New Cog. Med 111 [0.46,1.76] 11.16 .001 3.03
Model 6G

New Cog. Med 1.15 [0.42,1.88] 9.62 .002 3.17

Hyperactivity 0.20 [0.08,0.32] 9.49 .002 1.22

Mood 0.26 [0.16,0.36] 3223 <.001 1.30
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